This review will summarize the authors' studies on the structures of terpenoids and related compounds from plants of the family Compositae (Asteraceae). Eighty three new compounds have been obtained and characterized from seven species of the plants, namely, Erigeron annuus (L.) Pers., Erigeron philadelphicus L., Erigeron sumatrensis Retz., Ligularia dentata Hara, Ligularia stenocephala Matsum. et Koidz., Petasites japonicus Maxim. and Tussilago farfara L.
Four new sesquiterpenoids, (7R*)-oppsit-4(15)-ene-1,7-diol (2), 11-methoxyopposit-4(15)-en-1-ol (3), 15-methoxyisodauc-3-ene-1,5-diol (4) and 10-hydroxycadin-4-en-15-al (5) , were isolated from the methanol extract of the aerial parts of E. annuus (Figure 1 ) [7] . Compounds 2 and 4 were also isolated from the methanol extract of the aerial parts of E. sumatrensis [7] . The structures of 1 -6 were determined by UV, IR, 1 H-and 13 C-NMR, which were assigned with the aid of DEPT, 1 H-1 H COSY, HMQC, HMBC, and NOESY experiments, and MS spectroscopic analyses.
Compounds 2 and 3 are the first oppositane-type sesquiterpenoids isolated from the genus Erigeron plants. Compound 4 is the first isodaucane-type sesquiterpenoid isolated from the genus Erigeron plants. Misra et al. [8] suggested that compound 5 was a possible biogenetic precursor to the isodaucane-type sesquiterpenoids. Compound 5 has been synthesized by Kuo et al. [9] , but its isolation from natural sources has not so far been reported.
Further study of the chemical constituents of the aerial parts of E. philadelphicus resulted in the isolation of two new cyclopentenone derivatives, named erigerenones A (7) and B (8), and a new cyclooctadienone derivative, named erigerenone C (9) ( Figure 2 2. Constituents of Ligularia dentata Hara and Ligularia stenocephala Matsum. et Koidz.: Ligularia dentata Hara has lon g been used as a medicinal herb for easing br eathing, stimulating blood flow, reducing in flammation, alleviating pain, stopping coughs, and getting rid of phlegm in China. Previous phytochemical investigations of this plant r esulted in the isolation of ph enolic norsesquiterpenoids [13] [14] [15] , bisabolane-type sesquiterpenoids [16, 17] and pyrrolizidine alkaloids [18] . (Figure 3 ) [19] [20] [21] [22] . The structures of 10 -16 were established by spectroscopic methods, especially 2D-COSY NMR and MS analyses.
Further investigation of th e extract of th is plant resulted in the isolation of four new bisabolane-type sesquiterpenoids with a phenolic moiety, 8-angeloyloxy-11-methoxybisabola-1,3,5,7(14)tetraene-4,5,10-triol (17) , 8-angeloyloxy-7,10-epoxy-11methoxybisabola-1,3,5-triene-4,5-diol (18) , 8-angeloyloxy-5,10-epoxybisabola-1,3,5,7(14)-tetraene-2,4,11-triol (19) and 8-angeloyloxy-5,10-epoxythiazolo[5,4-a]biasabola-1,3,5,7(14)tetraene-4,11-diol (20) (Figure 4 ) [19, 20] . Among these, compound 20 is the first b isabolane derivative containing a thiazole ring. The EI-MS of compound 20 [m/z 403 (66, M + ), 405 ([7, M+2 ] + )] indicated the presence of an od d number of nitrogen and of sulfur atoms. The 1 H-and 13 C-NMR spectra of compound 20 were ver y similar to those of compound 19, except for a fully substituted benzene ring an d an additional CH group [  H 9.01 (s, H-16);  C 155.1 (C-16)]. The proton resonating at  H 9.01, which appeared to be at a carbon atom situated between two heteroatoms according to the chemical shift of the carbon atom ( C 155.1) and a one-bond C,H coupling (J C,H = 215 Hz), showed long-ran ge coupling to C-1 ( 125.8) and C-2 ( 150.5) in the HMBC plot. After subtr action of the unsaturations due to an an geloyl group, a benzen e ring, an exocyclic double bond and a seven-membered ring, we con cluded that compound 20 comprises a t hiazole ring fused to C-1 and C-2. The orientation was deduced by comparison of the carbon chemical shifts with known benzothiazoles. A new eudesmane-ty pe sesquiterpenoid, eudesma-4,11-diene-1,14-diol (21) [20] , three n ew phenolic n orsesquiterpenoids, named liguladentanorol (22), 8-hydroxyligudentatol (23) and 8-hydroxyligujapone (24) [22] , and two new lacton e derivatives, 2-acetoxy-2,3-dimethyl-5-methoxycarbonyl-9-methoxy-5heptanolide (25) and 2 -ethyl-5-hydroxy-5-methoxycarbonyl-4methyl-4-hexanolide (26), were isolated from the extract of this plant together with (2E,4R,5S)-2-ethylidene-5-methoxycarbonyl-4methyl-5-hexanolide (27), a known synthetic compound ( Figure 5 ) [19] .
Ligularia stenocephala Matsum. et Koidz. has long been used as a Chinese folk medicine in the tr eatment of edema and scrofula. The constituents of L. stenocephala have been previously investigated and shown to contain benzofuran derivatives [23] [24] [25] [26] .
Fractionation of the ether extract of th e roots of L. stenocephala resulted in the isolation of two new benz ofuran derivatives, 6-hydroxy-3-methoxytremetone (28) and 7,8-dimethoxy-1,4dimethyldibenzofuran (29) , and four new dimeric benzofur an derivatives, 2,2'-(1",1"-dimethl-3"-methoxy-3"-methyl-1",3"propanediyl)bis(5,6-dimethoxybenzofuran) (30) , ligulacephalins A (31), B ( 32) and C ( 33) ( Figure 6 ) [27, 28] . The chiral HPLC analysis demonstrated that 31 -33 occurred as a rac emate. The absolute configuration of each enantiomer from 31 -33 were established by the CD exciton chirality method [29] . Compounds On the other hand, fractionation of the ether extract of the leaves of this plant resu lted in the is olation of two synthetic known triterpenoids, (2E,6E [31] , and a new cycloartane-type triterpenoid, 24-chlorocycloart-25-en-3-ol (36) (Figure 7 ) [27, 32] .
Constituents of the rhizomes of Petasites japonicus Maxim.:
The rhizomes of Petasites japonicus Maxim. have been used for the treatment of to nsillitis, contusions and poisonous-snake bite in China. The con stituents of the rhiz omes of thi s plant hav e been previously investigated and sh own to contain eremophilane-type sesquiterpenoids [33] [34] [35] .
Fractionation of the methanol extract of th e rhizomes of P. japonicus resulted in the isolation of t wenty six n ew sesquiterpenoid lactones possessing eremophilane carbon skeleto n, 3-hydroxyeremophil-7(11)-en-12,8-olide (37), 3-hydroxy-6methoxyeremophil-7(11)-en-12,8-olide (38), 3-hydroxy-6methoxyeremophil-7(11)-en-12,8-olide (39), 3,8-dihydroxy-6methoxyeremophil-7(11)-en-12,8-olide (40), 3-hydroxy-6,8dimethoxyeremophil-7(11)-en-12,8-olide (41), 3,6dihydroxyeremophil-7(11)-en-12,8-olide (42), 3-hydroxy-6methoxyeremophil-7(11)-en-12,8-olide (43), 8-hydroxy-3-oxoeremophil-7(11)-en-12,8-olide (44), 6,8-dihydroxy-3oxoeremophil-7(11)-en-12,8-olide (45), 6-angeloyloxy-3hydroxyeremophil-7(11)-en-12,8-olide (46), 6-angeloyloxy-3hydroxyeremophil-7(11)-en-12,8-olide (47), 3-hydroxy-6tigloyloxyeremophil-7(11)-en-12,8-olide (48), 6-epoxyangeloyloxy-3-hydroxyeremophil-7(11)-en-12,8-olide (49), 6-(3'-chloro-2'-hydroxy-2'-methylbutyloyloxy)-3-hydroxyeremophil-7(11)-en-12,8-olide (50), 6-(3'-chloro-2'-hydroxy-2'-methylbutyloyloxy)-3,8-dihydroxyeremophil-7(11)-en-12,8-olide (51), 3,8dihydroxy-6-tigloyloxyeremophil-7(11)-en-12,8-olide (52), 3,8-dihydroxy-6-tigloyloxyeremophil-7(11)-en-12,8-olide (53), 6-angeloyloxy-3-oxoeremophil-7(11)-en-12,8-olide (54), 6-angeloyloxy-8-hydroxy-3-oxoeremophil-7(11)-en-12,8-olide (55), 6-angeloyloxy-3,9-dihydroxyeremophil-7(11)-en-12,8olide (56), 6-angeloyloxy-3,9-dihydroxyeremophil-7(11)-en-12,8-olide (57), 6-angeloyloxy-3,8,9-trihydroxyeremophil-7(11)-en-12,8-olide (58), (15R)-6-angeloyloxy-3,15-epoxy-9,15-dihydroxyeremophil-7(11)-en-12,8-olide(59), 3,6diangeloyloxyeremophil-7(11)-en-12,8-olide (60), eremosulphoxinolides A (61) and B (62) (Figure 8 ) [36] [37] [38] [39] [40] [41] . The structures of 37 -62 were established b y spectroscopic methods, especially 2D-COSY NMR and MS analyses. Among these, compounds 61 and 62 are the first eremophilane-type sesquiterpenoids having an ( E)-3methylsulphinylacryloyloxyl moiety isolated from na tural sources, respectively. The absolute configurations at the sulphoxide group of 61 and 62 were elucidated on the basis of CD data [42] . The CD spectrum of 61 showed the positive Cotton effect at 273.5 nm ( = + 1.29), indicating R configuration at the sulphoxide group, whereas 62 had the S configuration because of the neg ative Cotton effect at 279.5 nm ( = -2.09).
Further investigation of the methanol extract of this plant resulted in the isolation of a new seco-eremophilane-type norsesquiterpenoids, secoeremopetasitolide A ( 63), a new seco-eremophilane-type sesquiterpenoids, secoeremopetasitolide B ( 64), a new eremophilane-type sesquiterpenoid, 3-hydroxy-8-oxoeremophil-6en-12-oic acid methyl ester (65), a n ew noreremophilane-type sesquiterpenoid, eremopetasidione (66), and four n ew dinoreremophilane-type sesquiterpenoids, eremopetasinorones A (67) and B (68), eremopetasinorol (69), and epoxyeremopetasinorol (70) (Figure 9) (1R,3R,4R,5S,6S)-1-acetoxy-8-angeloyloxy-3,4-epoxy-5-hydroxybisabola-7(14),10-dien-2-one (82) (Figure 11 ) [52] . The relative and absolute configurations of these compounds were deduced from NOESY correlations and CD spectrum. A new bauerane-type triterpenoid, bauer-7-ene-3,16diol (83), was isolated from this plant together with twokn own ones, bauerenol and isobauerenol ( Figure 12 ) [53] .
In summary, we have been conducting the isolation and structural investigation of terpenoids and related compounds from plants of the family Compositae. Eighty three new compounds (1 -83) have been obtained and characterized from seven species of the plants, namely, Erigeron annuus (L.) Pers., E. philadelphicus L., E. sumatrensis Retz., Ligularia dentata Hara, L. stenocephala Matsum. et Koidz., Petasites japonicus Maxim. and Tussilago farfara L. Further studies on the isolation and structural investigation of new terpenoid constituents from plants of the family Compositae are currently under way in our laboratory.
